The survival rates of patients with metastatic colorectal cancer (mCRC) have improved in recent years. We analysed the survival of mCRC patients followed at a single institution over the last 17 years. We retrospectively collected data from 899 mCRC patients treated from 2001 to 2016. Patients were divided into two groups based on the year of diagnosis: Cohort A (2001)(2002)(2003)(2004)(2005)(2006) and Cohort B (2007Cohort B ( -2014. A total of 788 patients were analysed. The median survival of the whole population was 32.0 months with a significant difference between Cohort A and B (29.2 vs. 33.5 months; p = 0.041). Surgical procedures significantly increased in Cohort B, however, no significant changes in survival were observed in patients undergoing surgery (58.9 months Cohort A vs. 58.2 months Cohort B, p = 0.822). Similarly, we did not demonstrate survival improvement in patients treated with systemic therapy alone (18.9 months Cohort A vs. 20.7 months Cohort B; p = 0.948). At the multivariate analysis, right-sided primary and synchronous metastatic tumour were found to be independent unfavorable prognostic factors. Improvements of mCRC patient survival might relate to integrated approach, with more patients undergoing extra-hepatic surgery. The medical approach seems to have had a more favourable impact on subgroups characterized by a worse prognosis.
Abbreviations: G = grade; CNS = central nervous system; MSS = microsatellite stable; MSI = microsatellite instable; RT = radiotherapy; HIPEC = hypertermic intraperitoneal chemotherapy; PIPAC = pressurised intraperitoneal aerosol chemotherapy.
Treatment
Considering the whole population, patients who underwent surgery significantly increased (42% in Cohort A vs. 58% in Cohort B; p < 0.009). A total of 203 patients only received hepatic surgery (93 in Cohort A vs. 110 in Cohort B). The details of surgery in the two cohorts are listed in Tables 2 and 3 . Eleven patients in Cohort B received hypertermic intraperitoneal chemotherapy (HIPEC) and/or pressurised intraperitoneal aerosol chemotherapy (PIPAC) procedures.
In the first line setting, two-drug CT containing oxaliplatin was the main choice in both cohorts (65.1% in Cohort A and 66.3% in Cohort B). Conversely, the use of irinotecan-based doublets was significantly higher in Cohort B (20.7%) compared with Cohort A (13.6%) in this setting, while it became the predominant CT adopted in both cohorts in the second line setting (54.3% in Cohort A and 56.7 % in Cohort B). Only 1% of patients received FOLFOXIRI regimen in Cohort B, especially in the first line setting. Conversely, the number of patients receiving monotherapy was significantly lower in all the treatment lines in more recent years.
Differences were also noted in the administration of anti-EGFR and anti-VEGF antibodies and an increase between the two cohorts in both the first and the second line settings was observed. Details of treatment administration in the two cohorts are presented in Table 4 . * total of patients treated in the subgroup in this line; a percentage calculated relative to the number of patients treated in the subgroup for that line of therapy; b monoclonal antibody associated or not to chemotherapy; c percentage calculated relative to the number RAS or KRAS exon2 wild type or EGFR+ patients can be treated in this cohort and in this line.
Survival Analysis
The survival analysis was carried out on 788 patients (46.3% in Cohort A and 53.7% in Cohort B). The median follow-up time was 24.7 months (23.8 months in Cohort A and 25.6 months in Cohort B).
The mOS was 32.0 months (95% confidence interval (CI); 28.8 to 35.3 months). Patients' survival in Cohort B was significantly longer compared with that in Cohort A (median 33.5 months vs. 29.2 months, respectively, HR 0.832; 95% CI 0.697-0.992; p = 0.041) ( Figure 1 ).
Among patients included in the survival analysis, 456 underwent resection of hepatic and/or other metastatic sites, with a larger proportion of surgical patients in Cohort B (58% vs. 42%; p < 0.009). While hepatic resection rates remained similar through the years (20.3% Cohort A vs. 24.1% Cohort B), resection of metastases at other sites with or without hepatic surgery was performed with increasing frequency (21.4% Cohort A vs. 33.9% Cohort B; p < 0.005). In particular, the largest increase was in peritoneal surgery.
In the whole population, surgery in combination with CT allowed a significantly longer survival when compared with CT alone (median 58.5 months vs. 20.1 months, respectively, HR 0.262; 95% CI 0.216-0.316; p < 0.0001). This advantage was maintained even when distinguishing between liver surgery and surgery of other sites, with or without hepatic surgery ( Figure 2 ). Among patients included in the survival analysis, 456 underwent resection of hepatic and/or other metastatic sites, with a larger proportion of surgical patients in Cohort B (58% vs. 42%; p < 0.009). While hepatic resection rates remained similar through the years (20.3% Cohort A vs. 24.1% Cohort B), resection of metastases at other sites with or without hepatic surgery was performed with increasing frequency (21.4% Cohort A vs. 33.9% Cohort B; p < 0.005). In particular, the largest increase was in peritoneal surgery.
In the whole population, surgery in combination with CT allowed a significantly longer survival when compared with CT alone (median 58.5 months vs. 20.1 months, respectively, HR 0.262; 95% CI 0.216-0.316; p < 0.0001). This advantage was maintained even when distinguishing between liver surgery and surgery of other sites, with or without hepatic surgery (Figure 2 ). No differences in survival of patients who underwent surgery-in addition to a systemic treatment-were detected between cohorts (median 58.9 months vs. 58.2 months, HR 1.033; 95% CI, 0.779-1.369; p = 0.822) ( Figure 3A) .
After excluding patients who had hepatic resection alone, we found a significant improvement in survival in patients in Cohort B (25.7 months in Cohort A vs. 30.4 months in Cohort B; HR 0.796; No differences in survival of patients who underwent surgery-in addition to a systemic treatment-were detected between cohorts (median 58.9 months vs. 58.2 months, HR 1.033; 95% CI, 0.779-1.369; p = 0.822) ( Figure 3A) .
After excluding patients who had hepatic resection alone, we found a significant improvement in survival in patients in Cohort B (25.7 months in Cohort A vs. 30.4 months in Cohort B; HR 0.796; 95% CI 0.656-0.967; p = 0.021) ( Figure 3B) .
We failed to demonstrate an improvement in OS in patients treated with CT alone (with or without targeted agents): mOS 18.9 months in Cohort A versus 20.7 months in Cohort B (HR 1.0; 95% CI 0.799-1.271; p = 0.948) ( Figure 3C ). 
Prognostic Factors
The prognostic role of clinical characteristics was analysed by uni-and multivariate analysis (Table 5 ). 
The prognostic role of clinical characteristics was analysed by uni-and multivariate analysis (Table 5 ). Abbreviations: CNS = central nervous system; mts = metastases; ns = not significant.
At the multivariate analysis, a right-sided primary tumour and synchronous metastatic disease were found to be independent unfavorable prognostic factors. All these characteristics had a well-balanced distribution between cohorts (Table 6 ). In the whole population, a worse prognosis was observed for patients with right-sided compared with left-sided primary tumours-mOS 22.9 versus 38.6 months, respectively (HR 1.709; 95% CI 1.427-2.047; p < 0.0001) ( Figure 4A) .
Survival seemed to increase in both left-and right-sided patients in Cohort B compared with Cohort A. However, the difference was statistically significant for right-sided tumours only (18.5 
Discussion
Recent studies in mCRC have shown that new drug combinations allow patients to achieve mOS rates of around 30 months or more [5] [6] [7] . However, these results might overestimate real world data because clinical study subjects generally represent a selected population with better prognostic characteristics compared with the general population. When currently used combinations were published in the early 2000s [8] [9] [10] , it became evident that mOS of mCRC patients could reach 21 to 24 months with CT and monoclonal antibodies (mAb). However, any comparison of those results with more recent data would be hindered by a number of biases.
In recent years, widespread awareness of the potential for cure has led to intensified treatment of mCRC, including multidisciplinary discussion and multimodality approach. Furthermore, molecular selection has gained an unquestionable role in exploiting EGFR inhibition and, in keeping with the rules in force, anti-EGFRs have also been introduced in first line treatments.
In this study, we looked into whether changes in practice might have influenced survival rates in an unselected population. The patients were treated at a single institute according to current guidelines and were retrospectively analysed. Two periods, for Cohort A until 2006, and for Cohort B from 2007 onwards, were compared.
The results of our analyses revealed that patients in Cohort B lived longer than patients in Cohort A. Kopetz et al. [11] demonstrated that in patients diagnosed from 1998 to 2004, improvements in outcomes were mainly associated with an increase in surgery, whereas in the period from 2004 to 2006, the rise was related to advances in medical therapy. In our series, the percentage of patients who underwent surgery increased from 42% in Cohort A to 48% in Cohort B, while liver resection was stable at around 22%. This percentage was nearly the same as that of Kopetz et al.; however, they did not analyse extra-hepatic surgery data. A previous report from a multicenter study, including our own, highlighted the role of surgery of lung metastases in improving survival [12] . Moreover, surgical management of mCRC has developed in recent years to include cytoreductive surgery of peritoneal metastases and HIPEC. These approaches are now evolving as new standards of treatment in highly specialized centers [13] . In our study, the percentage of patients who underwent extra-hepatic surgery increased from 21% in Cohort A to 34% in Cohort B and the survival curves of these patients were similar to those of patients who had liver surgery alone. It is of note that, whereas the survival rates of patients receiving liver surgery alone did not differ between cohorts, there was a significant increase of survival in the subgroup of patients who had extra-hepatic surgery in recent years.
The main change observed in medical treatment practice, along with the introduction of mAb, was the adoption in the first-line of a two-drug in a larger percentage of patients in Cohort B, leaving the monotherapy to a subgroup of patients with poor prognosis. This reflects the updating of international guidelines, which previously considered asymptomatic patients with low burden disease as suitable for sequential schedules of monotherapy [4] . More recently, a general strategy has evolved to consider a CT doublet with mAb as an appropriated choice, where the goal is disease control for patients for whom intensive treatment is not necessary [14] . Even in unfit patients, capecitabine plus bevacizumab or a reduced-dose doublet of cytotoxics or anti-EGFR-containing therapy can be considered [3] .
Despite the evolution of medical strategies, if we compare survival rates of patients treated with CT alone, the increase of survival between the two cohorts was not significant in the whole population. However, considering patients with right-sided primary tumour, an independent negative prognostic factor, the survival of patients in Cohort B was significantly longer than in Cohort A. The prognostic role of tumour sideness has been known for a long time, however, recent studies have shed light on the biological causes of these differences [15, 16] . By separately analyzing patients with right-sided or left-sided tumours, we found that while survival increased in both groups, the difference was statistically significant in the right-sided group only. Furthermore, considering synchronous and metachronous metastatic groups, the improvement of survival in Cohort B was more evident for patients with synchronous metastatic disease.
Materials and Methods

Study Design
The study is a retrospective, single institution experience, conducted on mCRC patients attending the Candiolo Cancer Institute from 1999 to 2016. All patients were treated, after informed consent was signed, according to institutional and national guidelines.
The aim of this study was to describe the evolution of survival of mCRC patients followed at a single institution over the past 17 years. All the patients were screened using the International Classification of Diseases 9th revision Clinical modification (ICD-9-CM) codes for colon and rectal cancer. Only patients receiving at least one course of therapy for mCRC were included. Both metachronous and synchronous metastatic disease presentations were taken into account. Metastatic disease was considered synchronous when diagnosed within six months after the initial diagnosis of CRC. For each patient, demographic and clinicopathological data were collected. We defined as a line of treatment all the therapies administered between the evidence of disease progression until further progression, even in the case of multimodality treatment.
All the descriptive analyses of the patients' characteristics included patients treated between January 1999 and November 2016. However, in order to minimize the risk of bias related to a small group of patients treated before 2001 (the date of the setting up of a multidisciplinary team for mCRC treatment) and to obtain a minimum follow-up period of two years, the survival analysis did not include patients diagnosed before 1 January 2001 or after 31 December 2014.
Overall survival was calculated from the date of diagnosis of metastatic disease until death, as notified by the registry office, or censored at the last follow-up visit. The median follow-up period was calculated on the basis of median survival without considering life status. In order to detect survival changes, patients were divided into two groups according to the year of metastatic disease 
Statistical Analysis
SPSS for Windows 20.0 (IBM SPSS, Chicago, IL, USA) was used for all statistical analyses. The differences between proportions were evaluated by the chi-square test with Yates correction, when appropriate. The Cox proportional hazards regression model was used and survival curves were plotted using Kaplan-Meier and compared by log-rank test. Overall survival was calculated from the date of diagnosis of metastatic disease until death, or censored at the last follow-up visit.
Ethics Approval and Consent to Participate
The study was performed in accordance with the Declaration of Helsinki. The development and the publication of this report was approved by the Institutional Review Board. The Medical Ethical Committee of the IRCCS Candiolo Cancer Institute confirmed that formal ethical approval was not required given the retrospective and observational nature of the study.
Conclusions
We realise that our study is limited by various biases related to the retrospective nature of our analyses. However, our results suggest that in current clinical practice, unless patients are classified as unfit for therapy, the therapeutic strategy is moving towards intensive treatment where at least two cytotoxic therapies are combined together with biological agents, and a multimodal approach in which surgery of metastatic sites is considered feasible. This approach seems appropriate to increase patient survival. In particular, it is likely that poor prognostic subgroups of mCRC patients would benefit from an integration of medical and surgical treatments in a 'continuum of care' strategy.
